Blurneria ( = Erysiphe) graminis f s p . tritici (Bgt), the causal agent of wheat powdery mildew, is responsible for an important disease leading to considerable yield reductions in wheat worldwide. Conidia of the obligate plant pathogen Bgt were analysed for their total fatty acid (FA) composition as a function of their ontogeny. A total of 17 FAs were detected (Cl,-Cz4 saturated and unsaturated ones), including the presence of unusual longchain monoenoic FAs. In young conidia, the major and C,, , (14.3 %). In old conidia, the main FAs and C,, (9.7%). T h e amount of total FA was about 39 pg.mg of dry weight-' in young conidia and decreased clearly to 18 pg . mg of dry weight-' in older conidia. For the first time, we have demonstrated that the FA composition of conidia changes greatly with age. Medium-chain FAs (Clz-C18) are predominant in very young conidia (75 yo), whereas long-chain FAs (C,,-C,,) are the major compounds in old conidia (74%). This study showed a significant elongation of FAs and a drastic decrease in the total FA amount during the ontogeny of conidia. (20.7%), C,, (15%), C,, (13.5%) 
Introduction
Cereal powdery mildew is a disease causing important yield diminution in barley, oats and wheat worldwide. Blumeria ( = Erysiphe) graminis DC, an obligate biotrophic fungus, is the pathogen responsible for the disease. Since the 1970s, powdery mildews have been controlled mainly by fungicides that inhibit the P450 cytochrome 14a-demethylase step in sterol biosynthesis [l] . Because of the use of these demethylase inhibitors, the sterol composition of powdery mildews has been well studied [2-51. Although secondary effects of fungicides on fatty acid (FA) com- position have been reported [6] , little research concerning the FA composition of powdery mildew has been completed. The first reports on the FA composition of the causal agent of wheat powdery mildew, Bgt ( B . graminis f s p . tritici),
showed that conidia contained 13 FAs, including C,,-C,, acids [7] , but 44o/b of these FA were not identified. Johnson et al. [8] detected a total of 20 FAs, including C,,-C,, acids, in Bgt conidia. T h e FA composition of Bgh ( B . graminis f s p . hordei), the causal agent of barley powdery mildew, was described by Loeffler et al. [2] : they found eight FA with chains from C,, to C,, and reported the presence of an unidentified long-chain FA [2]. Senior et al. [4, 9] identified 14 FAs, including C,,-C,, acids, in Bgh conidia, the main ones of which were very unusual long-chain monoenoic acids (C,, , and C,, ,). Thus the predominance of very-long-chain FAs in B . graminis conidia is well established. In the present study, we show that medium-chain FAs are major constituents of young conidia and we describe for the first time qualitative and quantitative changes in total FA composition occurring with the age of Bgt conidia.
Experimental

Fungal material
Wheat powdery mildew was maintained on wheat seedlings of the cultivar Sideral. Plants were grown in a phytotron (Sanyo, P660; day/night photoperiod, 14/10 h ; day/night temperature, 18/10 "C; relative humidity, 90 yo ; light, 250 pmol . m-'. s-') and inoculated by spraying Bgt conidia suspension ( 5 x lo5 conidia-ml-') with Fluorinert (FC43,3M). After inoculation (8 days) , symptoms arose and detached leaves (10 cm) were placed in clear plastic boxes containing water/agar (7.5 g.1-l) supplemented with benzimidazole (10mg.l-') in order to prevent leaf senescence. Aluminium foil was deposited on the surface of the water/agar. Conidia of Bgt were harvested 12, 15 and 18 days after inoculation by gently shaking the leaves above the aluminium foil. The corresponding young, intermediate and old conidia were stored at -80 "C prior to freeze-drying and analysis.
FA extraction, analysis and identification
The freeze-dried conidia were extracted using 3 ml of dichloromethane/methanol (2: 1, v/v) at 70 OC according to Grandmougin-Ferjani et al. [lo] . T h e total lipid extract was saponified with 1 ml of 6 % (w/v) methanolic K O H for 1 h at 90 OC. After addition of 1 ml of water, neutral lipids were separated with 3 ml of hexane prior to extraction of total FAs. T h e pH of the aqueous phase was set to 1 with concentrated HCl. FAs were extracted in 5 ml of hexane and dried on anhydrous Na,SO,. After evaporation under N,, FAs were methylated using 1 ml of BF,/methanol Total FA methyl esters were scraped off and eluted in dichloromethane, then analysed by a GC-FID (flame ionization detector) equipped with a glass capillary column (free fatty acid phase, 30m x 0.25 mminner diameter, H, 1.2 ml.min-'). T h e temperature programme used was from 60 to 160 "C (20 OC.min-'), from 160 to 195 "C (1 OC.min-'), from 195 to 230 "C (2.5 OC.min-') and finally 230°C for 10min. FA methyl esters were quantified using heneicosanoic acid methyl ester (C,l.o) as an internal standard and identified by GC-MS (Shimadzu GC17A chromatograph linked to a HS-QP5000 mass spectrometer) when necessary. Analyses of young and intermediate conidia were duplicated. Analyses of old conidia were performed in triplicate. Figure 1 shows the qualitative FA composition of young, intermediate and old conidia. C,, and C,, FAs were well represented in young conidia while C,,-C,, FAs were the most abundant in older ones, T h e relative proportions of total FAs with regard to conidial age are given in Table 1 [4, 9] , we found that unusual longchain monoenoic FAs are also present in Bgt conidia. We identified these monounsaturated unusual long-chain FA as methyl trans-2-docosenoate and methyl trans-2-tetracosenoate c,, 0, 9.8 %I. [9] : the distinction between Bgt and Bgh could not be based on the FA analysis.
Results and discussion
In young conidia, the amount of FAs was important, with 39.2 ,ug.mg of dry weight-', whereas in intermediate and old conidia the amount decreased to approximately half this value. T h e analysis of young, intermediate and old conidia showed that the FA composition of wheat powdery mildew changes qualitatively and even quantitatively with conidial age. This is particularly clear when considering the evolution of the long-chain/medium-chain FA ratio, which is modified with the age of conidia. It increased from 0.3 in young conidia to 2.8 in older ones. Predominance of medium-chain FAs in young conidia and long-chain FAs in old conidia may result from a significant elongation of FAs. Medium-and long-chain 
